Communication 


Elements of Communication System 


Diagram 


Electro-magnetic Signal 



Base Band Signal Converts 


base band signal 
to: High frequency 


Antenna 


^Antt 


Or: channel of 
wire \ coaxial cable \ fiber optic 

Converts 

from High frequency 
to: Low frequency 



Modulation Types 


AM Modulation - FM Modulation -PM Modulation 


Signal Analysis ( Fourier Analysis ) 


Conditions for Fourier Analysis (Dirichlets Conditions) 

(In) 

1- Integrate ffVg p (t)dt < oo 

^ 2 ' 

2- g p (t)fias finite number of maximums and minimums 

3- 5p(0 has a finite number of discontinuities 


Sin and Cos are Orthogonal 



Zo 

f 2 / 2nmt\ (2nnt\ 

4 s,n br) cos bd =0 ■ forM 


T 

2nmt\ (2nnt\ J" = if m = n 

^rJ C0S l^rj 1=0 if m*n 


m,n 

























Fourier ( Periodic Signal) 


Sines and Cosines 

Complex or Exponential form 

OO 

f{t ) = a 0 + 2 y [ a n cos na)t + b n sin na)t] 

OO 

/(*) = £ Q e in(ot 

n= 1 

— OO 

Where : 

Where 

if even -> b n = 0 
£/ odd -> a n = 0 

Cn = ^ j f(t)e-J' nat 

2n 

1 - 

o>= — = 2nf 

iQil — bn 

l r 


a o=fJ /(0 dt 


1 f 

a n — — 1 /(t) cosnoot dt 

1 Jj 

1 f 

b n = — 1 f(t) sin noot dt 

I Jj 



Power Average 

p av = \ f(m ) 2 dt 


PROOF (Parsevel's Power Therorem) 


for load — ID. [Normalized Power] , f(t)-.voltage or current 

|/(t)l = V ( reaiy + (Jmgy 

\m 2 \ = m*r(t) 

1 2* 

P = T r fl dt 

T 0 JJ± 

oo 

m = y c n ei™* 













1 Tfi 00 

p= r Si Z Cn eincot * r(t) dt 

0 “T -00 


^ —y. 

P = 7 r * Z Cn /r 0 ejmot *f'(n dt 

0 -00 “T 

°° 1 ^ 

P = ^j Cn * Jl eJnCOt * f*® dt 


V Cn ~~ T St f(t) 


-j ncot 


1 2 1 

■■■C*=-( 2 e i ncot * /*(t) dt 
r ° 


OO 


.. P = 


I 


n=— 00 


r r* 


( Parsevel's Power Therorem ) 


= ^ |l/(0l 2 dt 

Parsevel's Power Therorem 

Normalized Value of the mean Power for a periodic signal is the sum of the squared amplitude of all 
harmonics in the signal 

Energy Content of a finite signal 

n OO 

E= I |x(t)| 2 dt [Normalized Energy] 

j — CO 
n OO 

E= I |X(&))| 2 dco [ Parsevel's Theorem] 

J — 00 

Singnal Spectrum & Sine Function 


If you graph C n you get signal spectrum as a sine fun.sinc (x) = 

sin(7rx) 

nx 


ji sinc(x) 



► x 


-47I-37I-2jT-ti 0 k 2tt 3jt 4tu 













Fourier (Non-Periodic Signal) 


Fourier: 


n OO 

X ■(/)=) x(t) e~i 101 dt 

J — OO 

f OO 

)G(/)= 9(t) e~i 2n f l dt 

j — OO 


Fourier Inverse : 



G(f) e i2nft dt 


If 00 

x(t ) = — X(io) e ,tot dt 
2 nJ-oo 








Famous Functions (time / Freq) 


g(t) 

n CO 

G(f) = I 

j — CO 

n CO 

G(co) = g(t)e~ J(0t 

j — 00 

rect(t ) 

Tsinc(f T) 

/coT\ 

TSinC ( id 

t 

Arect(- ) 

ATsinc (fT) 

AT sine ( —) 

V277V 

tri(t) 

sinc 2 (f) 

sinc2 0 

ATtri (£) 

AT 2 sinc 2 (fT) 


C (const) 

C5(f) 

2ttC8((d) 

m 

1 

1 

S(t - a) 

e -j2irfa 

e -jO)CL 

cos(2n At) 

|[8(f-A) + 5(f + A)] 

n\8((t) — 2nA) + 5(a) + 2nA) 

s\n(2nAt) 

xt [ 8(f — A) — 8(f + A)] 

j [5(a) — 27771) — S(co + 27771)] 

sgn(t) = 2u(t) - 1 

1 11 
lim . = . - 

a^oa + i2nf a — ]2nf jut 

2 

;a> 

u(t) (step) 

1 8(f) 

j2irf 2 

1 

— + n 8 (co) 

J(D 

e~ nt 2 (Gaussian) 

e~ n f 2 

e U n) 

e~ at u(t) 

1 

a + j2nf 


e at u(-t) 

1 

a — j2nf 


e ~a\t\ 

1 1 

a + j2nf a — j2nf 

2a 

a 2 + An 2 f 2 


g P (.t) 

00 

n 

I c " w-i? 

— 00 


INVERSE 

Inverse 

00 

flf(t) = G(f)e^ 2n f t df 

j — CO 

Inverse 

n CO 

g(t)= 1 G((o)ei° )t df 

j —CO 

































cos(A + B) = cosG4) cos (B) — sin(A) sin(B) 


sin(A + B) = sin(A) cos(B) + cos(A) sin(B) 
1 

cos(A) cos(B) = - [cos(A — B) + cos(A + B)] 
1 

sin(A) sin(B) = - [cos(A — B) — cosG4 + B)] 
1 

sin(A) cos(B) = - [sin(A + B) + sin(A — B)] 
1 

cos(A) sin(B) = - [sin(A + B) — sin(A — B)] 

^ 1 

cos 2 6 — — ( 1 + cos 26 ) 

_ 1 

cos 3 6 — — (cos 36 + 3cos6 ) 



Properties of Fourier Transform 


1- Linearity (Super Position) 

2- Time Scaling 

ai*i(0 + a 2 x 2 (t ) ^ a^C/) + a 2 X 2 (f ) 


3- Time Shiftingu - ^ 

4- Frequency Shiftingu - ^ 

x(t - t 0 ) ^ X{f)e~ J2n f 
x(t + t n ) ^ X(f)e J2nft ° 

x(t)e^t ^x(f-f 0 ) 

5- Time-Reversal 

6- Duality 

*(-t) ^ *c-n 

G(t) ^ g(-f ) 

7- Differentiation 

8- Integration 

^ 5(0 -;27r/G(/) 

f 00 1 G(0) 

L 8 ®* ^i2nf G(f)+ 2 5(0 

9- Mult. In time domain(Modulation) 

10- Convolution 

/{*(0y(0) - *(/) © Y(f ) 

/- CX) 

= I X(X)Y(F - A)dA 

J — GO 

^ X(f)Y (/) 

11- Conjugate 


5*(0 - G*(-/) 


12- Area Under g{t) 

13- Area under G(f) 

n OO 

G(0) = g{t)dt 

j — oo 

^ OO 

G(0) = G(f)df 

j — OO 

Famous Examples (Proofs) 


RECT 


Find Fourier for g(t) — A rect (£) 
Solution 


T 

G(f) = j 2 T g(t)e~J^ dt 

~2 

T 

G(f) = j 2 T Ae~^ dt 

~2 

CO = 27 if 


A 


o)TtfT - p-jnfT 


V 


_ A sjnfrfT) r T 
nf T 


= AT sine ( fT ) 



TRI 




































A(/) - 3{A(f)} - / A(t)e~ Zmft dt 

—oc 

0 1 

= /q + ty-™ fi dt + f (i - ty-^dt 


A(0 = 


1- U u 

0, 


Irkl 

otherwise 


-1 0 
l + 2jzif e 2 * 1 


4x 2 f 2 4 x 2 f 

[e^ -l) 2 


2 mf -1 


4?r7 2 


e 


- 2 ™/ 1 


4jt 2 / 2 

4^/ 2 

e -^w( 2 .)2 s i n 2(^) 


4je 2 / 2 

\ 2 

= sinc 2 / 


sinl 


(#) 


z 1 



I 




—f— 


-A 
— 4 / 




> J 


-X 

2__ 


3' 


Ct) 




#fck _ Z _ » .. | _ r - 


G. CfJ - 2 J At^cCCt) - S,n (irf T ) 

^ 3^ct) V j 
— G>cPJ 


_i_ 


Cr,(f) - jy TS.ncCf’.T) 

-nf-r 


^ At^c^cPt) 


The Dirac-Delta Function - The Impulse 







































































f(t) = 8(t - a) 


G(f ) = 3 {< 5 (f -a)} = J 8 (t - a)e-‘**dt 


= e -iWa 


Cos and Sin 


G(/)= 3 { COS (2 JiAt)} = f 


o° gi2nAt 


^‘dt 


f e iM ' e- iW 'dt + f e- iM, e- i2 ^dt 


= ^[<5(/-A) + <5(/ + A)] 


sin(2jiAt) = 


„i2nAt -i2ilAt 

e -e 


2 i 


3{sin(2Mt)} = ^[<5(/ - A) - 6(/ + A)] 


Unit Step 


u(i) — f S(t ) dt 

J — GO 


L t~ 
(5ft) £ .[#• 


Note = J <5(t) = 1 


1 1 

+ ^(/) 


7'27t/ 2 




Sgnum 


sgn = 2u(t) — 1 

r , 1 1 

IF{sgn} = 2 


j'27t/ 2 




- W)= w 



I m.iki 2.7 Signum function. 























Finite Power Signal 


n OO 

I g(t)dt 

J — co 


< OO 


T 

lim I g(t) 2 dt < oo 
T^O J_Z 
2 


Delta (impulse) function 


1- C m g(t).8(t)dt = g( 0) 

2- C m g(t).S(t-t 0 )dt =g(t 0 ) 

3- F[S(t )} = /_“ dt = 1 

4- 5(t — t 0 ) -» e~ j2n ^ to 


Gaussian 


1 7Tt 2 

5(0 =-e t 

T 

t decrease then 

t — domain : Amplitude T width i 
f — domain • Amplitude i width T 
any signal multyolied will shift it 
t decrease we get sharp pulse int — domain 

Periodic Signal 


jlnnt 


C n e T ° 

— OO 

Cn ~ t J 5 p (0 


jlnnt 

e 


j t 

oo 


T{g P (t)}= £ c n 5(/-^) 


Properties of Fourier Transform (Proofs) 













Linearity 


3r{c,g(t) + c 2 h(t)j - c,G(f) + c 2 H (/) 

■50 ‘50 

^‘\c l g(t)+c 1 h{t)^ = fc 1 g(t)e~ i2!,fi dt + jc 2 h(t)e i2!i 'dt 

—w -oo 

» oo 

= c, J g{t)e~ l ^dt + c 2 J h(t)e~ l ^dt 

-0C —50 

= G t G(f) +c 2 H(f) 


Time Scaling 


JF {§(«)}= 


G(~) 

c 


ifc > 0: 

V, C C I c I 


F{g(cr)} = f g(ct)e~ i2j *dt 

ifc <0: 

substitute : u = ct, du = cdt 

F{*(«)} - fif.-'* 1 ;*,--fSfe^-du 

c 

G(-) G(—) 

c c 

-c* 

-c Ic 1 

Time Shifting 

^{s(r- 

a)} = /*£'(?- (3)£? 

—00 


- J £(tt>T i2 * c “ +fl W 
-«■ 


50 

- e‘ ,Wa / g(u)e-^du 

-30 


II 

TO 

Q 

^5 


Differentiating 






















••• —^(t) ^j2nf Gif) 
and.-^gCt) -0'2?r/) n Gif) 


integration 


Integration in the domain 

-t 1 


\ gif) 

J — co 


dt 


j2nf 


Gif) G(0) = 0 


gif) = 


d 

dt 


f g(t)dt 
J—oo 

Gif) = j2nf f|J g(t)dt^ 

r t l 

git) dt ^ — — Gif) 

J -oo ;2?r/ 


1 C(0) 

»® dt -]2Tf G( f ) + — s( « ?? 


Area under g(t) 

CX) 

I git)dt = G(0) 

J — OO 
f oo 

G(/) = git)e~ j2nft dt 
.J — OO 

n CO 

6(0) = I git)dt 

J — oo 

Area under G(f) 

/- 00 

Gif)df=giO) 

j — CO 


f =0 
















g\t) ^ G*(-n 












/ CO 

G(f) exp(/2ir/f) df 

-oo 


/ I_TL' 

G*(f) exp(-/2^/j) # 

-oo 

-f gi ves 

f 

g*{t) = ~ G*{—f) exp(/27r/f) df 

J OO 

/ OO 

G*(-f) exp(/27r/f) df 

■CO 


OO 

Prove that /{ *(£)y(£)} = I X(A)Y(F - A)dA 

d — oo 


Solution 
letg{t ) = x(t)y(t) 

n OO 

G(/) = ( x(t)y(t)e~ i2n ^ t 

d — oo 


dt 


nOO T r 00 

I y(t) I X(A) e l27rAt d/l 

d — OO L d — oo 


e i 2 nft dt 


dt 


= 1 

n OO 

1 y(0 

~ nOO 

I X(A) dA 

J 

— oo 

d — oo 

t 

^ oo 

r> OO 

= 


I y(t) e _l27r (/ _;i ) dt 

d 

— oo 

r 

_ J — OO 

OO 


=[ 

X(A)y(F - A) dA 

-OO 


dX 








TABLE A6.1 Fourier-Transform Theorems 


Property 

Math etna tical D escription 

1. Linearity 

+ bg 2 (t) ^ aGi(f) + bG z (f) 
where a and b are constants 

2. Dilation (time scaling) 

where a is a constant 

3, Duality 

If g(t) ^ G(f), 

then G(f) — g{~f) 

4. Time shifting 

5. Frequency shifting 

g (t - f 0 ) ^ G(f) exp(—j2'!rft 0 ) 
exp <j2irf c t)g(t) — G{f - f c ) 

pGG 

6, Area under g(t) 

/ g(t) dt = G(0) 

J — gg 

pGG 

7, Area under G(f) 

g(0}= / G(f)df 

J ~Gt i 

S. Differentiation in the time domain 

^g(t) — jl-JrfG(f) 

9. Integration in the time domain 

f* 1 G(0) 

/ g(r)dr- G(f)+ 

J —gg ^ 

10. Conjugate functions 

if git) - c(n. 

11. Multiplication in the time domain 

rhen g*(t ) ^ G*(-f), 

pOG 

£l (*)&(*) ^ / G l ik)G 2 {f-X)dX 

J —GO 

pOG 

12. Convolution in the time domain 

/ gi{r)gi{t ~ t) dr ^ G 1 (f)G 2 {f) 

J ~GG 

13. Correlation theorem 

[ g l (t)g* 2 (t-T)dt^G 1 (f)G* 2 (f) 

J ~GG 

14. Rayleigh’s energy theorem 

pOG pGG 

/ \g(t)\ 2 dt= / \G(f)\ 2 df 

J —GO J ~ GO 









Tab L E A 6,2 Foil rxer-1ransform Pa irs 

Time Function Fourier Transform 


rect (?) 

sine (2 WO 

cxp (—a > 0 
exp(— a|f|) } a > 0 
exp( — TTt 2 ) 


- nb) 


T sine (fT) 

1 ( f 
:recr 


2W 


l 2W> 


1 


a 4- jlrrf 
2a 

a 1 4- (I'lrf) 2 
exp (-it f 1 ) 


1 1 — — \t\ < T 

1 0, \i\ > T 

T sine 2 (fT) 

m 

1 

i 

Kf) 

S(t - t 0 ) 

exp (-/2 ) 

exp(J2rrf c t) 

Hf - fc) 

co s(2irf c t) 

lW-fc) + ' 

sin(2rr f c t) 

1 

1 

5-1 | rT 

sgn(0 

1 

1 

M 

-j sgn (f) 

TTI 

u(t) 

i m + m 

OO 

1 OO / 


t = ~ OO 


T 

i O n = —oo 


n 

T n 


Notes: u(t) = unit step function 

8(f) — Dirac delta function 
rect(J) = rectangular function 
sgn(f) = sign lira function 
si,nc{£) = sine function 














Amplitude Modulation 


Communication System Diagram: 


Electro-magnetic Signal 



Base Band Signal 


Converts 

base band signal 
to: High 
frequency 


Antenna 


\ 

__ ^ 

deModulato 

r 


Output 

Transduce 

Oi 

': channel of 

decoding 

l Ro/- , cm/c»r\ 

W’ 

r 


wire \ coaxial cable \ fiber optic 


Converts 

from High frequency 
to: Low frequency 


Base Band frequency (300Hz : 3-4kHz) " will need a very long antenna" so we use a carrier 
Carrier Frequency (Very high ) to use small antenna as A = j 


Modulation 

AM Wave 

540-1600 kHz 

FM Wave 

better smooth frequency 

88-108 MHz 

PM Wave 


small large 

m(t) — A m cos(27t f m t ) ; c(t) = A c cos(27t f c t ) 

after modualtion ■ s(t) = A c [l + K a m(t ) ] cos(2nf c t ) 


K a const — — & K a m(t ) — —— must be < 1 or it will overlap 


Amplitude 

m(t) 

- wwwww 



Modulating Signal 


Carrier Signal 



Time 
























To get Spectrum 


s(t) = A c cos(27t f c t) + A c K a m(t ) cos(2n f c t) 

S(f) = y [ S(f - f c ) + S(f + f c )] + ^ [M(f - f c ) + M(f + fc )] 




Figure 2.5: Spectrum of message and AM waves 


H Modulation Index 


m(t) <—» M(/) 

k a m(t ) x 100 -* Percentage modulation 
k a \m(t)\ = K a A m = g ( modulation index ) = 


^Max A 


Min 


AMax + ^Mln 

So S(t) becomes 

s(i) = A c [ 1 + n cos (2nf m t)] cos(2nf c t ) 

s(t) = A c cos(2nf c t) + gA c cos(27r f m t). cos(27t f c t) 

Upper Side Band Lower Side Band 

1 ,--. ,--. 

s(t) = A c cos{2nf c t) + gA c (- [cos (f c + f m ) + cos (f c - f m ) ) 

Power of S{t) 


Power of sinsuidal 
Al 1 


(Amplitude ) 2 
2 

1 1 


Powero/s(t) = y + (^)=y + 


Power of USB = -g 2 A^ = Power of LSB 
8 




















Power of carrier — 


1 2 a2 


Percentage of Power = 


Power of two — side Band 4 M A 


P 


total Power 


(if p = 1 perc. - -) 


Al . 1 , 2 + p 2 


- 2 + 4 ^ 


conclusion 


, N A 2 1 , 7 

total Power of s(t ) = — + ^P 2 A 2 = P c + 2 * P SB 


percentage of power = 

|2 




2 + j « 2 


R 

Conditions of AM modulation 

Band Width 

(X)\K a m(f)\ < 1 (2) / c » & 

To prevent distortion or over modulation 


The Ratio Between 


with the increase of g(percentage modulation) the 
sidebands power increase while carrier power decrease 













GENERATION OF AM WAVES 


Modulation 


[1] Square Law Modulator 




rf\ Ct) 

flc Cos2rr(rt 
ain'er 

\1 Pcks fitev 



(/Jon jUirdtaf 

) OiuiCe 


x 

P 


Vic-t) 


Vttt) 


fQii| 


1 

I Rl 


. 1 _ 

/ Tun cf Q/cait 
1 Pc 


fxJj ? utl| yP-jL-X 1 M-£ ^ Ar 


output on R l =^> S(t) = y4 c [l + k a m(t )] cos(2nf c t ) 
Proof output on R L => 5(t) = j 4 c [1 + /c a m(t)] cos(2nf c t ) 
v ^(t) = m(t) + .4 C cos(2nf c t ) 
r 2 (t) = a 1 u 1 (t) + a 2 Vi (t) -> nonlinear device 


v 2 (t) = a i[ m (t) + cos(27r/ c t)] + a 2 [m 2 (t) + i4 2 cos 2 (2nf c t ) + 2m(t)y4 c cos(27r/ c t)] 

COS 


v 2 (t) = cos(2nf c t) [a^ + 2a 2 i4 c m(t)] + 


v 2 (t) = aji4 c 


2 a 2 

1 H-m(t) 

a i 


COS( 27 lf c t) + 


2 a 2 


% 1 * 

























The filter is to eliminate the unwanted terms 


Figure 1 THIS IS FOR v + v A 3 


Cos(*-r&) * sUf- £,-Fc <i<3 * 



[2] Switching Modulator 



>\4 


✓ 



Uses ideal switch ( diodes ) 


forward -* c(t) > 0 
reverse —> c(t) < 0 


^(t) = m(t) + y4 c cos(2nf c t ) 

at c(t) > 0 a 2 (0 — ^iCO 

at c(t) < 0 r 2 (t) — zero 


output => i? 2 (t) = [ m(t) + y4 c cos(27r/ c t)]g p (t) 


Prove that g v (t) 



(—l ) n_1 

2n _i C0S ( 27T /c( 2n “ 1)0 


where T r — — 

fc 


••• the function is even b n = 0 























1 

1 f~£ (2nnt\ 

'■' a " = T c Js co nir ) dt 

H¥)\ 


T c 2nn 


1 (2n\ 1 f nn \ 

= ~—* sin — * 2 = —sinl—) 
2nn V 2 / nn V 2 / 


at n -> even -> a n = 0 

1 _ 

n -* odd -* a n = — (—l) n 
nn 


so 


l z (—1)” 1 
9 P (t ) = - + - 2^ 2n _ 1 cos[ 2nf c (2n — l)t] 

where (2 n — 1) = 1,3,5,... 

Proof output => r 2 (t) = [m(t) + j4 c cos(27r/ c t)]^p(t) 

v 2 (t) — t m (0 + cos(27r/ c t)] 2 + — cos{2nf c t) + —~(—cos(2nf c 3t)) + ■ 

1 A c 2 2 

v 2 (t ) = - m(t) + — cos(2nf c t) + — m(t) cos(2nf c t) + —A c cos 2 (27r f c t) + 

2 2 n n 


v 2 (t) = 


[A c 2 
— + ~ m(t) 
. 2 n 


cos(2nf c t) 



4m(t) 


^=f 

[ 1+ «*, J 

cos(2nf c t ) 


Demodulation of AM wave 

[1] Square Law detector 

v 2 (t) = a^iCt) + a 2 v?(t) 

Vi(t) = A c [l + k a m(t )] cos( 27r/ c t) 

v 2 (t) — a-tA^l + k a m(t )] cos(2nf c t ) + a 2 * (zl 2 [l + /c a m(t))] cos 2 2nf c t) 


rl 1 

v 2 (t) = cl\A c [ 1 + k a m(t)] cos(2nf c t ) + [1 + 2 k a m(t) + m 2 (t)k\ ] * a 2 .4 2 — + -cos47r/ c t 





















COS yr^' 




cc — low path filter's width 


Distortion cof of m A 2 (t) 


= ~ a 2 A 2 {2k a m(f)) + -a 2 A 2 k 2 m 2 (t ) 


useful info 

Ratio — — - 

distortion 


2k a m(i) 2 
k 2 m 2 (t) k a m(t ) 


Then, for better detection for square law detector 

(1) Weak signal m(t) J- 
(2) Small modulation percentage k a i 

Because of it's distortion we have another demodulation circuit 


[2] Envelope detector deModulation 



/ V\/ 

Output, m { t } 


Figure 9.2 Envelope Detector (AM Demodulator/Detector). 


D -* on -* S.C -* s(t) = v out -* s(t) > 0 
D -> off -* O.C.-> discharging -> s(t) < 0 

_t 

v(t ) = v m e t 


if C TT then will be a line won't have data 
if C J4 will suffer from heavy ripple on data 

So it's value has limitations 


Charging Condition 

Discharging Condition 

1 1 

1 

„ < C < 

C < 

_ Msl _ Rjw _ 

- Rsfc - 


Defining : Product modulation 


S(t) — C(t)m(t) 

S(t ) = A c cos(27r f c t) m(t) 

























<jj£j <jl IaLa*_a (^yax J ^ jjJjLSil L_Jj 

phase reverse crossing zero J ^ ^ 
envelope.. (Jl (^jjqjAx^Q l^J jAj L 5 "^ ^ 


S(t) = ^c[ e ;27r/ct + e~i 2n f ct ] m(t) 



Modulation 


[1] Balanced Modulator 



SjXO = A c [ 1 + k a m(t )] cos(27r/ c O 
5 2 (0 = 4 C [1 - k a m(t)] cos(27r/ c O 


Sdsbsc (0 — 5 X (t) — S 2 (0 
= y4 c cos(2nf c t ) + A c k a m(t) cos(2nf c t ) 





















— A c cos(2nf c t ) + A c k a m(t ) cos(2nf c t ) 
= 2A c k a m(t ) cos(2nf c t ) 


[2] Ring Modulator 



II 
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2 n — 1 


cos( 2nf c t (2n — 1)) 
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a2 “ " 3 n" 3fc 

771 (t) * C(t) 


4 (—l) n 1 

Prove that C(t) = — / —-— cos(2nf c t (2n — 1)) 

7i Z—i 2n — 1 


a n -> even b n — 0 


' ~ j, 

*c 


1 c 1 c 1 c 

j t c + J T (^dt + f (-1 )dt 


= 0 


* ~ j, * 
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(2nnt\ 
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{ T c ) dt + . 
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J Tc Cosl 
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after solving 
•*. finally, a n — 


nn 


sin 


(?) 


therefore, 


atn-> even -» a n = 0 
2 

n -* odd -> a n = — (— l) n 
nn 


So 


// 



(-D 71 - 1 

2n — 1 


cos(2nf c t (2n — l)t) 


where , 2n — 1 = 1,3,5,... 


Demodulation 


[1] Coherent Detection of DSBSC 
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s(t) = C(t) * m(t) = A c cos(2nf c t) m(i) 


V(t) = 5(t) * C(t) 

— A c cos(2nf c t ) m(0 * A' c cos(2nf c t + <p) 


ArA'r 


m(t)[cos(4nf c t + 0) + cos0 ] 
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m(0 cos 0 
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Figure 2 PHASE ERROR 

To avoid quadrant null effect 

We use PLL (Phase Locked Loop ) to produce carrier with a specific phase 
Or Sends with the (info signal) one version of the carrier (Pilot Carrier) 

Disadvantages : 

1- For Local osc. (if 0 = 90 ) orthogonal then cos 0 = 0 ( no information will be transmitted ) 

[ Quadrant Null Effect] 


















































2- Change in 0 the signal will cause distortion 

3- Complex and more costly to make receivers 


Advantage 

Limited power for the same bandwidth 
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Single Side band Modulation ( SSB ) 


We can get the info signal from only one single side band (SSB) we send one W instead of 2W and the 

power will be for only one SB 





















1- Save in Power 

2- Save in Band Width 


DeMerits 

1- Complexity 
2- Costly 

Uses 


1- Vesical Side Band 
2- In TV and in Cable Phone 

3- Middle ground between SSB and DSB 

4- Advanced 


How to get a single side band SBS 


Note : Hilbert Transfer 
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A linear time-independent system 






























A c 

s(t ) = — [m(t) cos(2nf c t ) + m(t) sin(27r/ c t)] 

— upper side band 
+ = Lower Side Band 
m(t) = A m cos(2nf m t) 
in{t) = A m sin(2nf m t ) 
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Prove that m(t ) — A m sin ( 2nf m t ) => m{t) — A m cos ( 2nf m t ) 
Hilbert Transform of cos(2nf c t ) is sin(2nf c t ) 


Solution 

••• m(t) = m(t) (g) h(t) 
h(t) = —- 

TTt 

M(f) = M(f). H(f) 



assume m(t) — cos(2n:f m t) => 


M(f) = ^ [8(f — f m ) + 5(f + f m )] 



























m(t) = F" 1 { M(f). H(f)} 

••• H(f) = F j^J = j sgn(-f) = — jsgn(f) 

- m(t) = F -1 { - ^ sgn(f) [ S(f - f c ) + sgn(f)6(f + f c )} 

V sgn(f)§ (f — f c ) — 1 * S(f — f c ) 

••• sgn(f) 6(f + f c ) = -1 * S(f + f c ) 


= F "H5(f-f c )-6(f + f c )} 

1 

2i* le ' 


= __ * [ e +i2itf c t _ e -i2itf c t j 


= sin( 2nf m t ) 
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Modulation 


Frequency Discrimination Method 
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Demodulation 


Coherent detection of SSB-SC 
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1 

S S si}(t) = - A c [m(t) cos(2nf c t) + m(t) sin(2nf c t )] 

1 

= - A C A' C cos(2nf c t) [m(t) cos( 2nf c t ) + m(t) sin(27r/ c t) ] 

1 1 _ 1 
= -j4 c 4, w(t) + - i4 C i4' c m(t) cos(47r/ c t) + - i4 c i4c m(t)sin( Anf c t) 
















Errors 


SSB 


USB(-) ■ LSB(+) 


(1) Frequency Error A F 


AF(+) 


AF(-) 


AF(+) 


A F(-) 


AFJI r^ «•> <-ajxj (jjjjlAVI l. 

In case of human voice - it won't be so significant 
Human voice : 400Hz : 4kHz 

(2) Phase Error (A0) 


v 0 (/) = ^A c A' c [M(f) cos 0 + M(/) sin 0 ] 
M(/) = sgn (/)M(/) 


> 

-^1 

- * / 

K i 

-fb -f* 

/II 
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-ra-fcf 

Fc-of T 


V 0 (f) 

fr 90 m phase frJ' ^ ‘ ul is 1 


-A c ^M(/)e±^ 


1 Angle Modulation 1 

FM 

PM 

Frequency Modulation 

Phase Modulation 

c(t ) = A c cos(2nf c t) 

c(t) = A c cos( 0j(t) ) 

Change in frequency (/() 

Change in phase (6 t ) 

1 d0;(t) 

««" 2, * 

9i = 2nf c t + 0 

/i(t) = fc + k f m(t) 

6i — 2nf c t + k p m(t ) 

s(t) = j4 c cos(27t(/ c + /r^ m(t))t) 


k - p f i 

s(t) = A c cos(2nf c t + k v m(t )) 

6i — 2nf c t + 27t/c^ 1 m(t) 


Jo 

Note : Phase(0) Changes Linearly with m(t) 


j 4»LajtJ a.j LqA 
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Frequency Modulation 


cos ^27 t f c t + 2nk f J m(t)dt 


Advantages of FM & PM 


1- More Security 

2- Can carry ( one frequency signal) or ( multi-tune FM , multiple frequency input as human voice 
(4Hz to 4kHz) 

3- Instantons (A F) 


A F ,p 


instaneous freq. Carrier Freq. Af 

ft(f) = fc +k^ n cos{2nf m t) 

A/ = kfA m -> frequency deviation 


fMax = fc + bf 
ftlin = fc~M 


2n j m(t) J' 6i J' s-y?-' 

Af/f.m = p 

1 

Oft) = 2nf c + 2nk f A m ——sin(2n f m t) = 2nf c + —— sin(2nf m t) 

ATCJm J m 


a/ 

/? = — = phase deviation 

J m 


For a sinusoidal (single-tone) fm modulation 


















s(t) = A c cos( 2 n f c t + p sin(27r/ m t)) 


According to the value of /? FM can be divided to 


Narrow Band FM 

Wide Band FM 

/? is small i = 0.5 rad 
bandwidth — 2a> 

Less quality 

A/ 

as B = —— -- so wo change Af 

f m (const .) 

A/ 1= 1 

So we change J.-» A/ i-» /? i 

BW = 2(P + l)/ m 

P T 

bandwidth » 2a> 

To produce wide band must produce narrow 
band 

clipping ^ overlapcUs jIj jl 

(jiaj overlapji c> (jla JJjjll j|j ji 

clipping cU&l 


^ <LILa amplitude Jl ^ J®' 

J^i quality Jl d^- 


Narrow Band FM 


5 (Ofm — j4 c [cos(27r/ c t) * cos(/? sin(2nf m t ) — sin(27r/ c t) sin(/? sin(2nf m t ))] 


as x II => sin x = x 
cos(/? sin(27r/ m t)) =1 as /? J~l 


So, sin(/? sin(2nf m t )) = /? sin(2nf m t ) 


S(t) NBFM = A c cos(2t r/ c t) * (1) - i4 c /? sin(2n:/ c t) sin(2nf m t ) 







sinAsinB — — [cosG4 — S) — cosG4 + S)] 

sin(27r/ c t) sin(27r/ m t) 

1 

= - [cos 2n(f c - f m ) - cos 2 n(f c + f m )] 


A c p 

S(t) NB FM = A c cos{2nf c t) - — [cos 2n(f c - f m )t - cos 2n(/ c + f m ) t] 

(same Power for any signal,out of phase) 

cosinesJ! Cm 0 jjs u^j AM <JW 4 -~>' l S “^22 U- 5 ' 

Stf)**™ = y [ *(/ - /c) + *(/ + /c) ] - ^ [ [*(/' - (7c - /„)) + «(/ + f/ c - /„))] 

-[*(/- (f c + / m )) + «(/ + (T,. + /„))]] 

li A c 

Sam = A c cos(2nf c t) + — [cos 2n(f c - f m )t + cos 2n(f c + f m ) t 
(Power Changes depending on carrier, in phase) 
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DIAGRAM 
















Integrator: OpAmp //can also cWSjj j 


m( cos(t)) 

- > 



Wide Band FM 


How to generate wide-band FM ? 


m( cos(/)) 

-> 



5(t) = A c cos[27r/ 1 t + /? x sin 2nf m t ] 
After frequency multiplier 
S(t) = A c cos[27r/ c t + n/?! sin 2nf m t ] 
£i\j* n ^ Narrow Band J' ■“. c 

where •• f c — n/ x , (3 — np 1 

FM radio => 88 : 108 MHz 


Examples P,149 ??? 
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-* 2 *- e _7r(/ * 2)2 = e~ 4nf2 
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-> e ~ 4nf2 

























